I. INTRODUCTION
With a data sample of 3.0 fb −1 at √ s = 7 and 8 TeV, LHCb recently observes the B + c → D 0 K + decay, and the observable with a statistical significance of 5.1σ is given as [1] :
+2.8 −2.5 ± 0.6) × 10
where f c(u) denotes the transition probability of a b-quark hadronizing to a B c(u) , and achieved by [2, 3] ; ∼ (0.3, 2) × 10 −7 were obtained by [4, 5] , and ∼ 5 × 10 −6 was estimated by [6] . Although [2] and [3] can predict the results of O(10 −5 ), the origin used to obtain the large BR is different; the former relies on the loop penguin with a large B with flavor symmetry can be found in [7] . In terms of flavor diagrams, it is found that with the exception of CKM matrix elements, the B and color suppression factor, small sub-leading effects can be dropped, and only dominant contributions are retained. We then apply the obtained results to the
B(B
Since the decay amplitudes from the tree-and penguin-transition are usually dominated by the factorizable parts, which are clearer in theoretical calculations, we will focus on the contributions from the annihilation topologies.
We find that the B → KK, B 
, which fits well with the experimental data; (iv) although we can not predict the strong phase, using the phenomenological analysis, the CP asymmetry (CPA) of B + u → K +K 0 , which is induced by the interference between the tree-annihilation and penguin effect, can be estimated to
Hence, from the analysis of the B → KK decays, we can clearly see how large the nonfactorizable tree-annihilation contribution can be. 
, and the magnitude of CPA for
The paper is organized as follows: In Sec. II, we phenomenologically study the B → KK decays. The time-like form factors from vector and scalar currents for the annihilation processes are defined. We also parametrize and determine the nonfactorizable parts of the annihilation flavor diagrams for the 
summary is given in Sec. V.
II. PHENOMENOLOGICAL ANALYSIS OF THE B → KK DECAYS
Hereafter, we will use anti-B-meson decays to present our analysis; thus, the quark contents ofB d and B − u are bd and bū, respectively, unless stated otherwise. The current mea-surements of BRs for the B → KK decays are [11] :
It can be seen that the difference in BR between theK 0 K 0 and K − K 0 modes is only around
8%. We will demonstrate that this difference mainly arises from the lifetimes of B u and B d
when the tree annihilation effect in B The effective Hamiltonian for the B → KK decays, which is from the W -mediated tree and the gluonic penguin diagrams, is written as [8] :
V ij are the CKM matrix elements, and the values used in the paper are shown in Table I .
C j (µ) are the WCs at µ scale, and their values at µ = 2.5 GeV with a naive dimensional regularization (NDR) scheme are shown in Table. I [8, 9] . The operators are given as:
where (f f ) V ±A =f γ µ (1 ± γ 5 )f , and α(β) are the color indices. Since the electroweak penguin effects in these decays are small, we neglect their contributions in the analysis. A detailed discussion with complete operators can be found in [10] .
According to the effective interactions in Eq. (3), we find that the B → KK decays can be classified into five types of topological flavor diagrams, and the diagrams are shown in T (P ) (q = u, d) denote the annihilation topologies from the tree (T) and penguin (P) contributions, respectively, and T q P represents the contributions from the penguin-transition flavor diagram. Thus, the decay amplitudes for B → KK can be written as:
Each component in a decay amplitude can be decomposed into factorizable and nonfactorizable parts. Since the associated WCs in these parts are different, for clarity, we show their relations in Table II , where 6) /N c , and N c = 3 is the number of colors.
Flavor diagrams for the B → KK decays with q = u, d.
In order to discuss the relations among the decay amplitudes shown in Eq. (5), we parametrize the time-like form factors for two pseudoscalar mesons in the final state as:
where
are the time-like form factors. As a result, we
. When the P 2 meson is the CP-conjugated 6) /N c , and N c = 3 is the number of colors. (6), the time-like form factor of a scalar current can be parametrized as:
Clearly, although there is a suppression factor m According to Eqs. (6) and (7), we now discuss the A has only nonfactorizable part and is given as:
A d P in general is not zero; however, comparing it to the T q P effect, which is related to C 4,6 , the A hence, their contributions are sizable and can be expressed as:
With m K 0 = 0.498 GeV, m K ± = 0.494 GeV, and m d(u) = 10(5) MeV, the factor m
tree-annihilation process (E T ). The tree-annihilation effect A T causes the difference between theK 0 K 0 and K − K 0 modes at the amplitude level. Since the similar topological diagrams A T and E T will respectively contribute to the B
with the exception of the CKM matrix elements, it is of interest to understand the relative size between A T and E T in B → KK. The interaction structures in A T and E T are (V − A) ⊗ (V − A); therefore, the factorizable parts in both topologies are either suppressed or vanished. Hence, A T and E T are dominated by the nonfactorizable parts. From Table II and |C 1 | < C 2 , we can obtain A T /E T ∼ C 1 /C 2 ∼ −0.23. With isospin symmetry, it can be
and take it as a free parameter, using the data in Eq. (2) and the approximation of A T /E T ∼ C 1 /C 2 , we can determine A T , M T E , and the strong phase to be:
where B f is the BR for the B → f decay; B avg
, and δ is the relative strong phase of A T and M T E . In addition, the CP asymmetry (CPA) of K − K 0 mode can be expressed as:
From Eq. (10), it is known that the B 
as a function of BK0 K 0 and δ are shown in Fig. 2 , where α = 88
• is used, and the vertical band denotes B exp K 0 K 0 with 1σ errors. We can not determine δ well; therefore, the CPA can be in the range |A CP | 12%. The result is consistent with the current experimental value of
, averaged by the heavy flavor averaging group (HFLAV) [12] . 
III. BRANCHING RATIOS FOR
Based on the study of the B → KK decays, we find some characteristics of annihilation topological diagrams in a B-meson decaying into two light pseudoscalars; that is, the con-tribution from topology E T (E P ) is more significant than that from A T (A P ). 
We note that although the upper bound of [13] . Since the BRs of the annihilation processes
s K ( * )− are close to each other, it is reasonable to conjecture that the upper limit of the BR for B − u → D −K 0 could be:
The effective interactions for
− can be written as:
where the effective operators are:
In terms of the flavor diagrams, which are shown in Fig. 3 , it can be seen that
arise from A T and E T , respectively. Thus, the decay amplitudes can be parametrized as:
According to earlier discussions, the factorizable parts of both decays indeed are propor- can be neglected as a leading approximation. For the nonfactorizable parts, taking the similar assumption of GeV and f Ds ≈ 0.248 GeV [11] . In order to explicitly describe the factorizable and non- 
where the form factors χ DK and χ DsK are from the nonfactorizable effects and are defined as:
, and 
where the error is from the uncertainty of It is of interest to examine the rationality of our approach by comparing the BRs of
in which both decays are from the E T topology. Based on the decay-amplitude parametrizations given in Eqs. (5) and (16), the ratio of branching
can be obtained and estimated as: where we have included the decay constants of D s and the K mesons to show the effects from different mesons. This numerical result fits well with the current data:
IV. Therefore, based on the B c → J/Ψ form factor from lattice QCD [16] , we also estimate the
A.
It has been determined that the hadronic effect inB d → K − K + is dominated by the nonfactorization contribution, and its effect can be directly related to the tree-annihilation 
with q
. If we take the asymptotic form factor behavior as χ KK (Q 2 ) ∝ 1/Q 2 , the ratio of the branching fraction of B
where τ Bc = 0.507 ps and f Bc = 0.434 GeV are used [14] . With B(
, where the result is a factor of 2.9 larger than the estimation in the perturbative QCD (PQCD) approach [15] .
The B − c → Jψπ − decay is a color-allowed tree process. Since the nonfactorization effect is related to C 1 /N c , it is expected that the factorization effect will dominate. Although J/ψ is a vector-boson, only longitudinal polarization has a contribution in B − c → J/ψπ − ; thus, the decay amplitude with the factorizable part can be written as; 
The unknown in Eq. (27) 
where the uncertainties of the form factors could be around 10% or less. Taking 
Using above result and R DK/J/ψπ ≈ 0.13 ± 0.04, the BR of B − c →D 0 K − can be estimated as: 
where T the B c →D 0 transition form factors, which are defined as:
where 
According to Eqs. (9) and (17), A c T and E c P can be parametrized as:
where q 
The BR of CP-average can be obtained via B avg
The contour plots for B Fig. 6(a) , where the shaded area denotes the range of 4.4 × 10 −5 , the contribution from the tree-annihilation is larger than that from the penguin topologies. According to plot (d), it is known that the penguin-annihilation topology E c P is smaller than the tree-annihilation topology A c T . Hence, our results are consistent with [3] . Now, we can apply all calculations to the B 
The BR for B Table III are given in Table IV . Due to the small weak CP violating phase in V ts , 
The hadronic effects T T , A c T , T u P , and E c P are given as:
where we have included the SU(3) breaking effect f π /f K for the form factors F T has an extra Wolfenstein parameter suppression factor λ ≈ 0.22 from V * cd ; however, the T T contribution is associated with V * ud ∼ 1, which is 1/λ larger than V * us ; that is, the tree-annihilation topology does not dominate anymore in this process. Since the calculations for the BR and CPA of B denoted by R π/K is shown in Fig. (10) . The range of the ratio can be 0.1 − 0.2 when In order to understand the contribution of each component in the decay amplitude of Eq. (39), we present the ratios of |V * Fig. 11 and between the tree-transition and tree-annihilation, can be of the order of one.
In this study, we also predict B(B 
